Effects of irrigation were studied in Dioscorea hispida Dennst. (Ubi gadong) in Terengganu, Peninsular Malaysia, by quantifying selected agro-morphological parameters under various irrigation frequencies. The automatic timer attached to the power supply was used as a controller, while the pump was controlled by this timer in accordance to the frequencies which had been setup as: 1) watering at everyday in a week (T2); 2) watering at two day interval in a week (T3); 3) watering at five day interval in a week (T4); and 4) watering at six day interval in a week (T5). The control treatment for the frequency of water supplied was 5) watering at one day interval (T1). The ANOVA statistical test between collection time data on effect of irrigation to treatment showed significant differences at D4 (final growth period) for plant height, petiole formation, number of leaf and number of branch; where the P-values were recorded at 0.001, 0.004, 0.005 and 0.010, respectively. All parameters showed an increasing pattern from D0 until D4. The results also indicated that T2 had the highest of all agro-morphological growth parameters, except the number of branch, at mean ± standard error of 389.80 ± 22.47 cm, 46.40 ± 7.80, 139.20 ± 23.40,0.76 ± 0.07 cm and 3.80 ± 1.32 for plant height, petiole formation, number of leaf, stem thickness and number of stem, respectively. T2 showed no significant difference between T1 and T3 for all parameters. Therefore, it was revealed that D. hispida can grow well when grown using irrigation frequency of not more than three day watering interval. This technology will enable water and labor cost saving in commercialized propagation of this plant.
INTRODUCTION
Yam is known as the staple food and source of carbohydrate in many parts of the world such as Ghana, Nigeria, the Caribbean's Island, China, Japan, Malaysia, Thailand and Taiwan [1, 2, 3] . Dioscorea hispida Dennst. is one of the Dioscorea spp. (Yam), and it belongs to the Family Dioscoreaceae within the genus Dioscorea [4] . It is known by several vernacular names in Malaysia such as Tuba Ubi, Ubi Nasi, Ubi Cerok, Ubi Kendudok and Ubi Kipas. D. hispida is also known as popular food among the local Malay villager of Terengganu during food scarcity period, as well as an exotic food [5, 4] . In certain countries it is also 4known with other local names, such as Bitule, Bati, Sekapa and Kasimun in Indonesia [6] and Kotada or Bhula Ki Amali and Jatashankari in India [7] . Any part of this plant that formed the above-ground parts will relatively be called aerial agro-morphological parameters. These plant parts are the focal points of study using choice parameters, including plant height, leaf, stem, petiole and branch formations [8] . Irrigation should be efficient and effective, but if irrigation is inefficient, it will affect crop growth, water wastage and may lead to water scarcity crisis during a prolonged dry spell. There are various irrigation systems that had been used worldwide such as surface, sprinkler, micro-irrigation or subirrigation systems. The drip irrigation is also one of the irrigation systems, and it is included under micro-irrigation. Drip irrigation or trickle irrigation is an irrigation method which minimizes the use of water and fertilizer by allowing water to drip slowly to the roots of plants, either onto the soil surface or directly into the root zone, through a network of valves, pipes, tubing, and emitters [9] . Drip irrigation is believed to increase the yield production of some plants due to efficient water uptake in the root zone [10] . This system had also other advantages such as it provides more frequent, precise and direct application of water in small quantities into the root zone [11] , and can avoid water contamination in the irrigation frequency study. Dioscorea hispida belongs to the Family Dioscoreaceae within the genus Dioscorea [12] . Dioscorea spp. or Yam was categorized in the monocotyledonous plant in the Order Dioscoreales. There are ten genera in the family of Dioscoreaceae; that include 1) Dioscorea; 2) Higinbothamia; 3) Borderea; 4) Epipetrum; 5) Rajania; 6) Tamus; 7) Stenomeris; 8) Trichopus; 9) Avetra; and 10) Petermannia. The largest genus in Dioscoreaceae family is the genus Dioscorea and it consists mostly of tropical plants [13] . The Dioscorea spp. tubers are known to have several functions or benefits in human health, which has been proven through pharmacological investigations and aboriginal used. From pharmacological investigations, D. hispida was revealed to possess anthelmintic activity, antioxidant activity, analgesic, anti-inflammatory activity, antioxidant activity and anti-tumor activity [14] . Even though D. hispida watering activity has not been investigated yet, D. hispida is known to adapt in Kuala Terengganu area, Peninsular Malaysia; which has annual average rainfall of 2709 mm/years [15] . Meanwhile, the optimum watering frequency for D. hispida is scarcely known, with only some knowledge that had been found from other Dioscorea spp. such as Dioscorea rotundata Poir. by Charles-Dominique et al. [16] , which is when the plants were watered once every two day. Nevertheless, this can be an indicator to scheduling the irrigation frequencies of D. hispida, a wild type of yam that depended on rainfall which does not occur every day [17] . This recent study would introduce the farm mechanization concept, which was the combination of automatic timer and water pump that would come out as the practical way to control the volume of water under constant time of applied irrigation frequencies. Thus the automatic timer connected to the main electrical source would provide the control of the water pump. This automatic irrigation system would provide benefits such as saving of daily water use and maintaining optimum water supply at a constant time. Proper timing and volume of water used are critical factors for maximizing the yield of plant [18] . Therefore, the objective of this study was to determine the effects of irrigation frequencies to growth and development of aerial agromorphological parameters in D. hispida during four months of applied irrigation frequencies.
Objectives:
Therefore, the objective of this study was to determine the effects of irrigation frequencies to growth and development of aerial agromorphological parameters in D. hispida during four months of applied irrigation frequ
Materials and Method

Plant materials and experimental site:
All 50 tubers were collected at Ladang Karas, Merchang, Terengganu, Peninsular Malaysia at location of N 05 o 02.125' E 103 o 14.767' and each tuber was planted in a polyethylene bag at the Nursery of Universiti Sultan Zainal Abidin, Kuala Terengganu, Peninsular Malaysia. The tubers were weighed and propagated separately in each polyethylene bags. All 30 tubers sprouted on November 2011 and were chosen prior to the experiment, where six tubers were randomly assigned to each five treatments. Then, each treatment had six sprouted tubers. The data for aerial agro-morphological parameters were collected beginning at the irrigation system starting time named as D 0 (after two months of plant growth), and followed every month until four months which was named as D 4 (after six months of plant growth), following which the data was collected every month. The agro-morphological parameters of all six sprouted plants in each treatment were measured for each treatment until final data collection. All measurement techniques were modified according to Behera et al. [19] . The data provided in this study were as full growth, which was equivalent to six months growing time of D. hispida plant. According to Behera et al. [19] , D. hispida growth period is 169 days or approximately six months, which means that the growth period is from the date of sprouting of tubers till the vine started to decline.
Floor plan:
This study was carried out at the Nursery of the Faculty of Agriculture and Biotechnology, Universiti Sultan Zainal Abidin, Gong Badak Campus, Kuala Terengganu, Terengganu, Malaysia. The annual average precipitation or rainfall in Kuala Terengganu area is 2709 mm/years [15] . The experimental plot was designed with a waterproof roof which covers approximately 19.67 m 2 . Every treatment had ten polyethylene bags with single tuber and the distance between polyethylene bags was arrange data distance of 0.3 m from each other. There were five treatments applied in this research, and the distance between each treatment was arranged at approximately 0.7 m.
Experimental design:
Complete Randomized Design (CRD) with irrigation frequencies as treatment plots and six sprouted tuber randomly assigned to each treatment was established.
The irrigation was supplied to individual plant with pipe connection and was controlled by timer setup for each treatment. The irrigation timers were setup for five treatments; which were watered once at one day interval as a Control (T1) and four types of frequencies treatments namely; 1) once watered at every day in a week (T2); 2) once watered at two day interval in a week (T3); 3) once watered at five day interval in a week (T4); and 4) once watered at six day interval in a week (T5). This schedule had been modified from previous experiment designed by Wang et al.[20] . The control frequency had been estimated based on a well-grown plot of Dioscorea rotundata Poir., in which the plants were watered at one day interval in a week [16] , that was assigned as the control treatment (T1) in this study. The dripper was set up at a discharge rate of 2 L/h under an operational pressure of water pump at 35 L/minute that was controlled by the automatic timer. The amount of water per day was calculated from rainfall data of Kuala Terengganu that was obtained from the Malaysian Meteorological Department (Table 1 ).
Weather broadcast can be an indicator to schedule irrigation due to the lack of crop evapotranspiration [20] . The average three year rainfall data (2008 until 2010) was used to calculate the amount of water per day with equation (1) [9] , and then equation (2) was applied to get the exact amount of water according to the surface area of a polyethylene beg: DDIR = RA fx (1) Volume (kL) = depth (mm) × Area (m2) ÷ 1000 Where, DDIR = design daily irrigation requirement (mm) RAW = readily available water (mm) fx = irrigation interval (day) 
Plant height:
This parameter was measured every month from the starting date of irrigation treatments at D 0 until D 4 . All six well-developed tubers that had sprouted in November 2011 were chosen prior to measuring their height. Only the highest stem (first stem appeared in November 2011) was measured for each tuber. The plant height data was measured in centimeter (cm) by using one meter measurement tape and recorded.
Petiole and leaf:
The number of petiole and leaf formed was counted in six plants from similar stem used for recording the plant height data for each treatment, and both also observed at D 0 until D 4 . The data were recorded by using manual counting based on the observable petiole and leaf formation.
Stem and branch:
The number of branch, number of stem and main stem thickness of six plants (sprouted tubers on November 2011) for each treatment was measured at D 0 until D 4 . The number of branch and stem was calculated by manually counting the branch and stem formations (sprouted plant) from each tuber ( Figure  1a) . The main stem thickness measurement was carried out by using ruler and compass (Mathematical set, Faber-Castell, Malaysia) by placing it at the main stem (which was the earliest sprouted from the tuber) of each tuber at two cm from the base of the stem formation and expressed it in centimeters (cm) (Figure 1b) .
Statistical analysis:
All data collected were statistically evaluated by using the SPSS 17.0 software. The Analysis of Variance (ANOVA) and means were compared by using the Tukey test at P≤ 0.05 and P ≤0.01. All graphs were prepared by using Excel 2007 software.
Results and Discussion
Plant height:
At the starting point of irrigation (D 0 ), all treatments showed almost no significant difference in means of plant height growth. For T1, T2, T3, T4 and T5, the treatments showed mean ± standard error (SE) values of 17.68 ± 13.62 cm, 61.53 ± 43.46 cm, 19.40 ± 14.22 cm, 15.87 ± 8.81 cm and 11.32 ± 5.43 cm, respectively (Figure 2 ). Then, at time series D 0 until D 1 , treatments T1, T3, T4 and T5 showed more rapid growth except for T2. The growth pattern as shown by T1, T3, T4 and T5 treatments might be due to the drought stress which influenced the higher growth for plant height. At time series D 2 until D 3 , T4 showed reduction of growth from 189.40 ± 38.84 cm to 180.25 ± 37.32 cm, but T1, T2 and T3 showed rapid increase of pattern which were from 151.83 ± 46.01 cm to 341.40 ± 60.94 cm, 207.20 ± 36.31 cm to 372.60 ± 37.92 cm and 189.83 ± 42.45 cm to 372.40 ± 24.76 cm, respectively. The highest rate of plant height increment was showed by T3 treatment, where the mean ± SE value was increased from 19.40 ± 14.22 cm to 375.80 ± 25.72 cm. Meanwhile, the lowest rate of plant height increment was shown by T4 which was from 15.87 ± 8.81 cm to 180.25 ± 37.32 cm. Treatment T3 showed the best condition for increasing this rate, which might be caused by little water stress which had triggered the plant height increment as compared to T4 and T5 where too much water stress had occurred because the irrigation frequencies applied were too distant.
Petiole formation:
Time series D 0 of petiole formation also did not show any significant difference but had shown significant difference at D 4 ( Figure 3 ). . The increment rate of petiole formation showed that T2 which was irrigated daily gave the highest petiole formation rate from D 0 to D 4 , and then followed by T1 and T3 which were irrigated at one day interval and two days interval for a week, respectively.
Number of leaf:
Changes in number of leaf according to time series in Figure 4 also indicated almost similar pattern with petiole formation (Figure 3) , which means that the formation of leaf was very closely associated with leaf development. According to Nashriyah et al. [21] , the leaf which is borne on long petiole is tri-foliolate with three foliage, hairy on the upper and lower surface, ovate shape, apex acuminate and not waxy. Time series of leaf number at D 0 (Figure 4) Figure  4) . These results showed that D. hispida was adaptable in producing more leaves at two intervals or less of irrigation frequency compared to treatments T4 and T5 which showed much slower rates of leaves productions at D 0 to D 4, in which mean ± SE were 14.00 ± 4.00 to 62.25 ± 5.39 and 22.00 ± 11.79 to 60.50 ± 7.03, respectively. 
Stem thickness:
Dioscorea hispida plant is a vine, with spiny stem that is twining from left and climbing to the left [22] . Stem thickness was measured on the highest stem of each tuber which was first sprouted in November 2011. The time series indicated in Figure 5 did not show any significant difference between all treatments at D 0 at mean ± SE values for T1, T2, T3, T4 and T5 at 0.46 ± 0.06 cm, 0.68 ± 0.09 cm, 0.60 ± 0.10 cm, 0.52 ± 0.06 cm and 0.48 ± 0.07 cm, respectively ( Figure 5 ). However, the increment pattern of stem thickness was still shown at T1, T2 and T3, whilst T4 and T5 showed the decline pattern and linear growth, respectively. The highest of stem thickness was shown by T2 which might be due to the xylem that open widely to provide big space for water flow in the stem, or due to formation of starch granules in parenchyma cells as shown in previous study [23] . Besides that, other factors like the planting densities also affected the stem thickness due to competition for space between plants [24] .
Stem formation:
Irrigation frequency did not show any significant difference on stem formation between all treatments but the increasing pattern had been recognized in T1 and T3 from D 0 to D 4 at mean ± SE values of 1.00 ± 0.00 to 2.60 ± 0.68 and 1.00 ± 0.00 to 2.60 ± 0.60, respectively ( Figure 6 ).
Meanwhile, T2, T4 and T5 had shown decreasing pattern at mean ± SE values of 2.17 ± 0.17 to 1.80 ± 0.20, 2.50 ± 0.50 to 1.75 ± 0.25, and 1.67 ± 0.49 to 1.50 ± 0.50, respectively ( Figure 6 ). Then, from that pattern, the stem development was terminated due to too frequent watering which might cause new developed stem to rot, besides that, if too rare watering also might cause new developed stem to retard due to water stress.
According to Panahyan-e-Kivi et al. [25] , those differences between low irrigation frequency and high irrigation frequency were due to drought stress and limitation of water during the growing season which limit plant growth and subsequently affecting the aerial agro-morphological traits such as plant height, petiole formation and number of leaf. But, for the traits such as stem thickness and stem formation, this recent study had shown that those differences would only naturally increased plant development that was not significantly affected by the irrigation frequency. 
Effect of irrigation between irrigation treatments on D 4 (final growth):
The differences between treatments were analyzed using all aerial agro-morphological parameters of data at (D 4 ) which was the final growth period of D. hispida, similar with previous study carried out by Behera et al. [26] . There was no significant difference of plant height between T1, T2 and T3 as shown in Figure 7 , which indicated that T2 had the highest plant height and followed by T3 and T1 at mean ± SE values of 389.80 ± 22.47 cm, 375.80 ± 25.72 cm and 345.00 ± 61.31 cm, respectively. T4 and T5 showed the lowest plant height which was significantly different as compared to T2 and T3 as indicated by the mean ± SE values of T4 at 184.00 ± 36.61 cm and T5 at 204.67 ± 14.20 cm, respectively. However, there had been a record that D. hispida was classified as climbing plant which can grow up to 20 meters in height whilst growing in the wild [17] , probably because of the unlimited staking point compared to this recent study which was done under the roof. The propagation of D. hispida tubers (from wild environmental condition to cultivated condition) might have stressed them thus affecting their aerial agro-morphological parameters. Figure 8 also showed that there was no significant difference on petiole formation between T1, T2 and T3 but there were significant differences between T1 and T2 with T4 and T5. The highest number of petiole formed was at T2 at 46.40 ± 7.80, and then followed by T1 and T3 at 43.60 ± 6.20 and 42.40 ± 6.61, respectively. Meanwhile, T5 almost shared the similar value with T4, with no significant difference at 16.33 ± 1.45, as the lowest petiole formation was13.67 ± 2.86 at T4 (Figure 8 ). No significant effect on number of leaf between T1, T2 and T3. Treatment 2 (T2) showed the highest formation of leaf which was at 139.20 ± 23.40 ( Figure 9 ). There were significant differences between T1, T2 and T3 with T4 and T5. These results were consistent with findings by Gomez-delCampo [27] , where the highest number of leaf produced is caused by the highest supply of water for olive trees. Then, the lowest number of leaf was showed by treatment that obtained less irrigation frequency which was indicated by T5 at 60.50 ± 7.03 ( Figure 9 ). Stem thickness on T2 also showed the highest value at 0.76 ± 0.07 cm, and T4 and T5 which showed the lowest stem thickness at 0.63 ± 0.05 cm and 0.62 ± 0.02 cm, respectively ( Figure  10 ). This was also consistent with the study by Wang et al. [20] , on potato growth that stated high irrigation frequency enhances water use efficiency. On the other hand, number of stem formed showed T2, T4 and T5 had lower mean value compared to T1 and T3 at 1.80 ± 0.20, 1.75± 0.25, 1.50 ± 0.50, 2.60 ± 0.68 and 2.60 ± 0.60, respectively ( Figure   11 ). Then, all the treatments did not show any significant difference for stem formation. This finding did not follow the irrigation effect but might be closer to the weight of tuber. Furthermore, the young stem might be retarded due to the high irrigation supply in T2 and less irrigation in T4 and T5. Figure 12 showed significant differences between T2 with T4 and T5 for the number of branch. The highest number of branch was showed by T2 followed by T1 and T3 which were 3.80 ± 1.32, 3.40 ± 1.12 and 2.80 ± 0.66, respectively. The lowest number of branch was indicated by T4 and followed by T5 which were 0.50 ± 0.50 and 0.67 ± 0.33, respectively. The number of branch and leaf play important roles because the more lateral branches which bear many leaves are produced the more photosynthetic yield of any crop [28] . This recent study also was consistent with results by [28] where the highest number of branch produced is dependent on the highest soil moisture content. Behera et al. [26] had measured some aerial parameters of Dioscorea hispida for 169 days (five months and 19 days) growth periods compared with this study after six months growing period. This included the number of branch of D. hispida which was recorded at 4.58, and the number of the stem and thickness which were 1.00 and 0.71 cm, respectively. The plant height and number of leaf for D. hispida had been recorded at 321.70 and 116.88, respectively. Interestingly, all the data from previous study were approximately similar with this recent experimental data; the highest mean value for plant height, number of branch, number of main stem and thickness, and number of leaf at 389.00 ± 22.47 cm, 3.80 ± 1.32, 2.60 ± 0.60, 0.76 ± 0.07 cm and 139.20 ± 23.40, respectively.
Analysis of variance between D 0 until D 4 :
There was no obvious difference between five treatments at time D 0 , as explained by ANOVA on Table 2 in which the P-value for D 0 was higher than 0.05 and approximately one (~1) for all parameters. The parameters for D 0 had not been significantly affected by irrigation which was indicated in Table 2 as plant height, petiole formation, number of leaf, stem thickness and number of stem, with P-values of 0.486, 0.880, 0.806, 0.271 and 0.537, respectively. Interestingly, the P-value for all data had showed a decrease pattern from D 1 until D 4 . That mean, the irrigation might be gradually affecting aerial morphological parameters of D. hispida. This phenomenon also agreed with Craufurd et al. [30] , who stated that at the starting growth of D. hispida, it uses nutrition and water from the tuber itself for the development of the tree and after the establishment of the plant then, it uses other outside factors like irrigation to maintain the plant development. Meanwhile, significant effect of irrigation on treatments at (P≤ 0.05 and P≤ 0.01) was recorded at D 4 (final growth) which was after four months of applying irrigation and there were very significant differences on plant height, petiole formation, number of leaf and number of branch at significant values of 0.001, 0.004 and 0.005 and 0.01, respectively. The number of branch data had been collected only at D 4 due to the late formation of branch on D. hispida.
Unfortunately, no significant difference was recorded on the parameters of number of stem and stem thickness for all data collected. From the data, the irrigation was not influenced by the stem thickness and number of stem and the factors might be influenced by other factors like weight of tuber.
Correlation between treatments effect:
Interestingly, the correlation analysis showed on Table 3 indicated that the petiole formation and number of leaves had very significant and highest relationship at r = 1.000 (P ≤ 0.01), indicated that every formation of petiole will produce leaves.
According to Wilson [8] , D. hispida had compound leaves or leaves like fingers with three leaflets, but on this recent study there were certain plant that had only two leaves or more than three leaves from similar petiole, which was very rare. Plant height showed very significant high relationship with number of leaf and petiole formation which were r = 0.740 and r = 0.740 (P≤ 0.01), respectively, but had negative relationship with number of stem which was r = -0.009. This weakest relationship between plant height and number of stem was probably due to stem formation dependency on the weight of tuber. 
Conclusion:
Dioscorea hispida is the most famous yam in Malaysia and is distributed more in Terengganu where it is well adapted to its environmental condition. Therefore, to commercialize this species, the proper irrigation condition must be established. Then, results of this research would optimize the use of irrigation frequency for D. hispida, because innovation of water-saving irrigation strategies can save a substantial amount of water resources compared to traditional irrigation that is currently practiced based on a luxury usage of water. All results clearly indicated that treatments more than two days interval in a week of irrigation frequency is causing more stress to the plants; which leads to the reduction in plant height, petiole formation, number of leaf, stem thickness and number of branch. The optimum irrigation frequency was from treatment T2 (watering at every day in a week). That mean, watering at every day in a week would give optimum plant height, petiole formation, number of leaf and number of branch. Nevertheless, D. hispida can grow almost equally well when grown using irrigation frequency of not more than three day watering interval that will enable water and labor cost saving in commercial planting of this plant.
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